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ABSTRACT 

Comparison i s  made between the  o v e r - a l l  sound p res su re  l e v e l s  
around the  s t a t i c  t e s t  f i r i n g s  of  t h e  Saturn and those c a l c u l a t e d  
f o r  the  t e s t s  of 3- ,  6-,  12- and 22-million-pound t h r u s t  v e h i c l e s ,  
The th i rd -oc tave  a c o u s t i c  spectra  a r e  c a l c u l a t e d  f o r  each v e h i c l e  
s i ze .  

The e f f e c t s  of both t h e  inverse square l a w  and t h e  excess 
a t t e n u a t i o n  w e r e  determined and graphs a r e  presented  showing both 
o v e r - a l l  and s p e c t r a l  sound pressure l e v e l s  a t  a 50,000-foot range 
f o r  the l a r g e  boosters, 
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By Richard N .  Tedrick and Wade D .  Dorland 

SUMMARY 

Comparison i s  made between t h e  o v e r - a l l  sound p res su re  l e v e l s  
around t h e  s t a t i c  test  f i r i n g s  of t he  Saturn and those  c a l c u l a t e d  f o r  
t h e  tests of 3- ,  6- ,  12- and 22-million-pound t h r u s t  v e h i c l e s ,  The 
th i rd -oc tave  a c o u s t i c  s p e c t r a  are c a l c u l a t e d  f o r  each v e h i c l e  s i z e .  

The e f f e c t s  of both t h e  inverse square law and t h e  excess 
a t t e n u a t i o n  were determined and graphs are presented  showing both 
o v e r - a l l  and s p e c t r a l  sound pressure l e v e l s  a t  a 50,000-foot range 
f o r  the  l a r g e  boos te rs .  

c 

SECTION I. INTRODUCTION 

One of t h e  by-products of t he  s t a t i c  tes t  f i r i n g s  of t h e  Saturn 
v e h i c l e s  a t  Marshall  Space Fl ight  Center w a s  a h igh  ambient n o i s e  
l e v e l .  This no i se  l e v e l  was propagated across  the  Redstone Arsenal 
area and i n t o  t h e  surrounding c i v i l i a n  communities. AS a r e s u l t  of 
t h e  meteoro logica l  f a c t o r s  a t  t h e  time of f i r i n g ,  p a r t  of t h i s  
a c o u s t i c a l  energy w a s  sometimes focused i n t o  t h e  business  and/or 
r e s i d e n t i a l  areas, Such occurrences have heightened the  i n t e r e s t  i n  
determining what t h e  e f f e c t s  may be of s t a t i c  f i r i n g  l a r g e r  rocket  
veh ic l e s ;  whether they a r e  t o  b e  f i r e d  a t  MSFC, o r  elsewhere. 
u t i l i z i n g  t h e  information garnered from t h e  Saturn tests and accounting 
f o r  t h e  changes i n  the  rocket s i z e s ,  s p e c t r a  f o r  t h e  l a r g e r  boos t e r s  
have been c a l c u l a t e d .  

Therefore,  



2 

The major a c o u s t i c a l  e f f e c t  of t e s t i n g  l a r g e r  boos t e r s  w i l l  not  
be t h e  r e s u l t  of any spec tacu la r  rises i n  t h e  o v e r - a l l  sound p res su re  
l e v e l  (SPL) a t  t h e  source.  Indeed, i t  i s  a n t i c i p a t e d  t h a t  t h e  o v e r - a l l  
SPL f o r  t h e  22-million-pound t h r u s t  v e h i c l e  tes t  w i l l  be only t e n  
d e c i b e l s  (0.0002 microbar r e fe rence )  over  t h a t  f o r  t h e  Saturn.  However, 
as a r e s u l t  of t h e  much lower peak frequency, a l a r g e r  p ropor t ion  of 
t h e  generated sound w i l l  be propagated over  sound paths  of s e v e r a l  
miles length (Fig. 1). 

SECTION 11. CALCULATION OF INITIAL SOUND PRESSURE LEVELS 

The an t i c ipa t ed  power (P,) of a rocke t  engine may be expressed (1) 
as : 

Pm = 1/2 Mv= = 112 ; v2 
where M = mass f l o w r a t e ' i n  s l u g s  pe r  second. (A s l u g  i s  def ined as 

weight i n  pounds divided by t h e  a c c e l e r a t i o n  of g r a v i t y  i n  
f ee t  pe r  second pe r  second.) 

V = expanded j e t  v e l o c i t y  i n  f e e t  p e r  second 

w = weight f lowra te  i n  pounds p e r  second 

g = acce le ra t ion  of g r a v i t y  i n  f e e t  p e r  second pe r  second 

For t h e  F-1 engine, it i s  a n t i c i p a t e d  t h a t  Pm w i l l  equal  approximately 
6.5 x lo9 wat ts .  Since f o r  most l a r g e  rocket  f i r i n g s  t h e  a c o u s t i c  
e f f i c i e n c y  has been found t o  be about 0.5 pe rcen t ,  it i s  reasonable  t o  
assume a similar e f f i c i e n c y  f o r  l a r g e r  c l a s s  v e h i c l e s  t e s t e d  under 
approximately equal  cond i t ions .  Thus, t h e  a c o u s t i c  power of t h e  F-1 
engine may be expected t o  be 3.25 x lo7 w a t t s .  (Ref. 1, page 43 f o r  
c a l c u l a t i o n  method.) The a c o u s t i c  power l e v e l ,  PWL, (lo1 watts 
r e fe rence )  is: 

PWL = 10 l o g  (3 .22  x lo7) + 130 db = 205 .O db. (2) 

This  amounts t o  a va lue  of 153.5 db o v e r - a l l  sound p r e s s u r e  level a t  a 
150-foot range. The C - 1  con f igu ra t ion  of t h e  Sa tu rn  gave 152 db a t  a 
150-foot range during t e s t  SA-03 on May 11, 1961. 
s l i g h t  d i f f e rence  i n  t h r u s t  (1.3-million-pounds f o r  C - 1  and 1.5-mill ion- 
pounds f o r  F - l ) ,  t h i s  value i s  q u i t e  reasonable .  The spectrum f o r  t h e  
Sa tu rn  test  i s  shown i n  F igu re  2. 

Considering t h e  

Considering t h a t  t h e  C - 3  class v e h i c l e  w i l l  c o n s i s t  of two F-1 
engines ,  i t  may be seen t h a t  i t s  a c o u s t i c  power w i l l  be t w i c e  t h a t  of 
t h e  F-1. 
i s  208 db. This amounts to 156.5 db sound p res su re  l e v e l  a t  a 150-foot 
r a d i u s .  
u r a t i o n ,  the a c o u s t i c  power would be about 211 db OA PWL and t h e  sound 
p r e s s u r e  l eve l  would be 159.5 db OA SPL. 
t o  7.5 mi l l i on  pounds would i n c r e a s e  each l e v e l  only 0.75 db. 

Therefore, t h e  a n t i c i p a t e d  sound power l e v e l  f o r  t h e  C - 3  

I n  t h e  event of t h e  t e s t  of a 6-million-pound t h r u s t  config-  

Rais ing t h e  t h r u s t  from 6.0 
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Simi la r ly ,  t h e  OA PWL and the OA SPL f o r  t h e  12-million-pound 
thrus tNova  a r e  214 and 162.5, respec t ive ly .  I f  a 22-million-pound 
t h r u s t  v e h i c l e  i s  developed, i t  has been es t imated  (Ref. 2 and 5 )  
t h a t  it w i l l  r e s u l t  i n  a ga in  of about 10 db above t h e  Sa turn  o v e r - a l l  
sound p res su re  l e v e l .  

I f  i t  i s  assumed (Ref. 3 ,  page 658)  t h a t  t h e  peak frequency (fmax) 
i n  cyc les  pe r  second of t h e  noise  spectrum i s  given by t h e  fol lowing 
equation: 

d 
fmax = Constant V 

(where d i s  t h e  j e t  nozz le  diameter i n  f e e t )  and t h a t  V w i l l  no t  be changed 
by c l u s t e r i n g  engines ,  then t h e  value of f i s  inve r se ly  p ropor t iona l  
t o  d. Since it i s  assumed t h a t  the t h r u s t  i s  p ropor t iona l  t o  the  
number (N) of c l u s t e r e d  engines ,  it follows t h a t  t h e  t h r u s t  i s  a l s o  
p ropor t iona l  t o  t h e  t o t a l  t h roa t  a r e a  (NA) of t h e  engines .  

max 

Because: Area = TR?, 

Therefore  d v a r i e s  as t h e  square r o o t  of t h e  t h r u s t  and fmax i s  
inve r se ly  p ropor t iona l  t o  the  square roo t  of t h e  t h r u s t .  

The s p e c t r a  f o r  a 150-foot rad ius  from v e h i c l e s  l a r g e r  than t h e  
Sa tu rn  a r e  shown i n  Figures  3 ,  4 ,  5 ,  and 6 .  

SECTION 111. FAR-FIELD ACOUSTIC LEVELS 

It was found empir ica l ly  tha t  t h e  n o i s e  from t h e  Sa turn  a t t enua ted  
a t  a r a t e  of approximately 4.0 db SPL per  m i l e  i n  excess  of t h e  inve r se  
square  l a w  a t t e n u a t i o n  f o r  a t  l e a s t  t he  f i r s t  10 m i l e s  range. 
f i g u r e  corresponds t o  the  excess a t t e n u a t i o n  which would be expected 
f o r  a frequency of 80 cyc les  per second (Ref. 4 ) .  
from Figure  2 ,  t h e  peak frequency f o r  t h e  Sa turn  a t  a 150-foot range 
does occur a t  80 cyc les  p e r  second. 

This  

A s  can be seen 

I f  t h e  excess a t t e n u a t i o n  f o r  sounds from each of t he  o t h e r  l a r g e  
v e h i c l e s  i s  l i kewise  governed by t h e  peak frequency of i t s  mid- f ie ld  
spectrum, then i t  may be expected t h a t  t he  energy of t h e  sound from t h e  
s t a t i c  f i r i n g  of such veh ic l e s  w i l l  no t  a t t e n u a t e  a t  t h e  same r a t e .  
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Generally, it has been found t h a t  t h e  lower t h e  frequency of  a 
sound, the lower t h e  propagation loss due t o  excess a t t e n u a t i o n .  
t h e  sound from l a r g e  boos te r s  w i l l  be propagated f u r t h e r  as a r e s u l t  
of t h e  larger  source ene rg ie s  and t h e  lower a t t e n u a t i o n  of t h e  atmosphere. 
Figure 1 shows t h e  a n t i c i p a t e d  o v e r - a l l  sound p res su re  l e v e l s  from l a r g e  
v e h i c l e s  as a func t ion  of range from t h e  t e s t .  

Thus, 

The c a l c u l a t e d  va lues  of atmospheric a t t e n u a t i o n  were app l i ed  t o  
t h e  an t i c ipa t ed  s p e c t r a l  curves f o r  t h e  l a r g e  v e h i c l e s .  Spectra  then 
were calculated f o r  a range of 50,000 f e e t  from t h e  source and they 
a r e  shown in  Figures  7 through 11. It should be remembered t h a t  t hese  
curves are  f o r  i d e a l  meteorological  cond i t ions .  Focal o r  shadow zone 
conditions might ra ise  o r  lower t h e  o v e r - a l l  sound p res su re  level by 
s e v e r a l  dec ibe l s .  

I n  order t o  t e s t  t h e  v a l i d i t y  of some of t h e  assumptions upon 
which the above mentioned c a l c u l a t i o n s  were based, a p o r t a b l e  frequency- 
modulated magnetic t ape  recording system w a s  placed approximately 
10,000 fee t  from t h e  s t a t i c  t e s t  f i r i n g  of a Saturn v e h i c l e  on May 5 ,  
1961. Both t h e  o v e r - a l l  and one-third octave band sound p res su re  
l e v e l s  were determined. This procedure was repeated on May 11, 1961. 
The r e s u l t s  of those measurements and t h e  c a l c u l a t e d  va lues  f o r  t h e  
same range are shown i n  Figure 1 2 .  

SECTION I V .  DISCUSSION AND CONCLUSIONS 

The a n t i c i p a t e d  o v e r - a l l  sound p res su re  l e v e l s  may be r a i s e d  o r  
lowered several  dec ibe l s  by t h e  p r e v a i l i n g  weather cond i t ions  between 
t h e  source and t h e  r e c e i v e r .  Such meteorological  focusing has  been 
found t o  ra ise  l e v e l s  i n  rare in s t ances  15 t o  20 db. Also, no mention 
i s  made o f  t h e  angular  o r i e n t a t i o n  with r e spec t  t o  t h e  v e h i c l e  exhaust 
pa th .  It is  known t h a t  t h e  d i r e c t i v i t y  index of engines f i r i n g  i n t o  a 
d e f l e c t o r  bucket can vary 10 db o r  more a t  ranges up t o  s e v e r a l  hundred 
f e e t ,  depending upon t h e  angular o r i e n t a t i o n  i n  t h e  h o r i z o n t a l  p l ane .  
J u s t  what t h e  long-range e f f e c t  of such d i r e c t i v i t y  i s  n o t  y e t  known. 

The r e s u l t s  of t h e  tes ts  shown i n  Figure 1 2  demonstrate both t h e  
gene ra l  accuracy of t h e  p r e d i c t i o n  technique and t h e  amount of v a r i a t i o n  
from predicted levels t o  be expected f o r  any s i n g l e  measurement. 
Ce r t a in ly ,  wh i l e  t h i s  procedure may be u s e f u l  i n  p r e d i c t i n g  t h e  general  
l e v e l s  t o  be  a n t i c i p a t e d  from s t a t i c  tes ts  of l a r g e  rocke t  v e h i c l e s ,  
i t  should no t  r ep lace  a c t u a l  measurement i n  areas of i n t e r e s t .  
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